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A PRELIMINARY REPORT ON 
SOUND TRANSMISSION AT SAN JUAN, PUERTO RICO 

by 

R. A. Frogeh, A. N. wth^ie. H. H. Lear, H. L. Poss 

INTRODUCTION 

In order* to choose and operate effective listening stations 

to be used in the passive detection of ships and submarine*,  it 

is necessary to understand the transmission of sound in the ocean. 

It is particularly important to understand the effect of the char- 

acteristics and configuration of the ocean bottom on this trans- 

mission. To further this understanding a continuing investigation 

of sound recorded on the hydrophones of the Hudson Laboratories 

Puerto Rico ?Iold Station hai *9*u  undertaker.* In rhis report, the 

results of a preliminary analysis of data obtained using explosive 

and 30 ops continuous sources are presented. The experimental re- 

sults are compared with predictions derived from ray computations 

for this region. 

1 

I 
1 
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CONCLUSIONS 

i. Propagation beyond the end of the 3* slope at Puerto Rico is 

characterized by deep water fooussed transmission with 35 mile 

peaking. 

2. From the deep hydrophone out to the end of the 3° slope (a 

distance of 20 - 25 miles) ths sound intensity suffers inverse 

square spreading £us to the geometry of the slope and an addi- 

tional loss of several db due to iapsrfeot bottom reflections. 

3* For the shot data, the intensity change down the Initial 

slope can be aatohed fairly well within the function AR~2°26* 

4 bottoa velocity of 6626 ft/see and a density of 2 give a bot- 

tom reflectivity yielding this intensity-range law.  This veloc- 

ity is in excellent agreement with that calculated froa seismic 

refraction shots near the deep hydrophone. This agreeaent in- 

dicates that the technique of coaparing ray tracing intensities 

derived rroa particular assuaptlons about the bottom with data 

from shot runs aay bs used to provide information as to I'm  re- 

flection characteristics of the bottom. 

1 

4.    The initial fall-off of 30 cps sound intensity with range 
MS 

follows the law sST*3,    Farther- out, the sparse 50 ops data ars 

in  (Agreement with the shot data. 
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5. The intensities from shot data for the shallow hydrophone are 

3 db below those for the deep hydrophone. Thie is presumably due 

to further attenuation of the sound through multiple reflections 

on the slope. 

m\ 

6. The comparison of the Puerto Rieo intensities with intensi- 

ties taken at Sleuthera indioates that the latter are 3=4 db abore 

th$se measured at tne Puerto R±ao 85 alls p*«ks* 

! 
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PART I 

TRANSMISSION USING SHOT SOURCES 

by 

A. N. Guthrio and H. H. Loar 

Sound transmission experiments using explosive charges as 

sources were conducted at the Hudson Laboratories Puerto Rioo 

Station during March and April of 1953c The results presented 

are those of a preliminary analysis of two exercises: 

1. Operation 13 — Event DOG 

The USS ALLEGHENY traveled at a speed of 10 knots 
on oouree 000* from San Juan, dropping 2 lb TNT 
charges at 12 minute intervals. 

2. Operation 14 (AMOS Cruise 12, Special Event COG) 

The USS SAN PABLO traveled at a speed of 10 knots 
on course 007° from San Juan, dropping 'c  1/4 lb 
0-3 composition demolition blocks at 6 minute In- 
tervals. 

3 
In both exercises, recordings were made from the shallow 

(approximately 200 fathoms) and deep (approximately 485 fath- 

oas) hydrophones. Homing coil hydrophones were used for- Oper- 

ation lo and barium titanate hydrophones were used for Opera- 

tion 14, 

A block diagram of the recording equipment is shown in 

Fig. 1. Amplified signals from both the deep and the shallow 

S&WXUbT 
iwuunm   XXW'QRMAXXUM 

1 
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hydrophone cables were recorded on dual channel frequency modula- 

ted Ampex recorder! during Operation 14 and on dual channel Magne- 

oorders during Operation 13. In order to measure sound travel 

tines, the signal from the deep hydrophone was reoorded on a Brush 

oscillograph along with a creak second chronometer signal and the 

radlcsd shot signal from the shooting ship. The distance of the 

shot from the hydrophone was determined by multiplying the travel 

time of the first sound arrival by the average sound velocity in 

the surface sound channel. 

The range was sufficiently great so that it la reasonable to 

assume that the energy reaching the hydrophone from the source was 

propagated in plane waves. In this case, the rate at which energy 

crosses a unit area normal to the propagation direction is equal 

to 

K' - 2_ 

where 

£»   is the water density 
o is the sound veloolty 
P is the instantaneous excess pressure 

due to the sound souroe 

The total energy from a shot crossing unit area (of the listening 

hydrophone/ is then 

ft    „ 
an -        I        aS jg A 

o 
where the integral is taken from the time of the initial sound ar- 

rival (t"0) until after the last sound from the shot has reached 

the hydrophone (t"T)» 

SECRET 
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Analog computer unite mads by George A. ±»hiibrick riusearchet, 

Ino., were used tc evaluate  /  p2dt. The hydrophone signals 

recorded on the magnetic tapes are directly proportional to the 

pressure excesses at the hydrophone. These signals, reproduced 

by playback of the recordings, are filtered, amplified, squared, 

and then integrated over the time of arrival of shot energy using 

the analysis instrumentation shown in Fig, 1. The squaring cir- 

cuit was frequently eheoked to insure that the output voltage was 

proportional to the squama af  *he input voltage. In spite of care- 

ful adjustments, the points on a plot of output vs (input) would 

scatter from a straight line by as much as b%.    Therefore, the am- 

plifier gains were adjusted for each shot to keep approximately 

the same voltage amplitude into the squaring circuit. 
f T 

If  L      p2dt were divided by T, the result; would be the av- 

erage p2 at the hydrophone over the time interval during which 

the shot energy is arriving. A more useful quantity for trans- 

C   T £ mission studies results if )      p*dt is divided ay one second. This 

gives the average p* at the hydrophone which would exist if all 

the energy arrived during one escona. To oonvert this to a deoibei 

scale, the results given in this report are measurements of 

-2 

I 

1 

TO     1 ACT /        T&A+. I 
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A typioal Brush osoillogra* obtained using the instrumenta- 

tion of Fig. 1 is shown in Fig. 2.  Channel 1 is a record of the 

input to the squaring circuit. Channel 2 is a record of the out- 

put of the integrating circuits  the total deflection of the gal- 
t T 

variometer is proportional to  /  p^dt . There is no contribu- 

tion to this integral from noise recorded on the aagnetlo tapes 

or noise from ths playback circuits slnoe the noise is cancelled 

out in the adding circuit. The "adder* Is designed to add or sub- 

tract an adjustable constant voltage to its input signal. 

In running off one of the shots, the following procedure was 

followed: 

1.. With the recorder on "playback", the adder was adjusted 
to give no signal out of the integrator until the initial 
arrival from ths shot* 

2. If after the last shot sound arrival the veltag* out of 
the integrator remained constant (i.e., if the^deflec- 
tion of the galvanometer psn of Channel 2 remained un- 
changed), the record was considered good. 

5. If the Brush pen did no; stay at a given deflection after 
the shot arrivals, it was an indication that the noise 
level had not been properly subtracted and the record was 
discarded. A new oecillogram of the shot was then made. 

From Fig. 2, it is evident that it is possible to measure the 

energy «r-riving by each ray path. However* only the total shot 

RSX orf     •»•>    «,    iluiuBivu    w     A out&v    J.O    UJ.IUUOBCU    XII    Uiii.9    I'vyvi lit 

The pressure level measured at the deep hydrophone is about 

3 db above the level at the shallow hydrophone (Fig. 3). That is, 

SECRET 
SECURITY INFORMATION 



4M K rW.WMfc • L. m   i * M>JI-^ —,111* •*••>•• •mil, ii M mmmma*0&&&m^ 

SECRET - 11 - 

in terms of defensive monitoring, the deep hydrophone will monitor 

An area four times at large at that covered by the shallow hydro- 

phone, assuming cylindrical spreading. 

In Fig. 4 the results of Fig. 3 have been replotted after add- 

ing a term (10 log R) to correct for cylindrical spreading* For 

ranges greater than 30 miles, the pressure levels at the peaks seam 

to be consistent with oyllndrloal spreadiiGjar. However; for ranges 

less than 30 miles, the pressure level falls off more rapidly than 

r^p^sted for"spherical spreading. 

Figs. 6 and 6 show a comparison of the preseure levels at the 

Puerto Rioo deep hydrophone with the pressure levels measured on 

the "good" azimuth at Eleuthera. Data for some ranges are missing 

from these curves because not all the shots have yet been analyzed 

in the £0-40 ops region* At Eleuthera the levels fall off almost 

oylindrloally and are from 3 to 4 db above the peak levels at 

Puerto Rioo. The difference can undoubtedly be attributed to loss 

on the slope from the hydrophone out to about 25 miles at Puerto 

Rico. 

A more detailed analysis of these results will be prepared 

in the near  future. 
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TRANSMISSION USING 30 C?S CONTINUOUS SOURCE 

by 

H. L. Post 

During February, 1953, using as a detector the deep (465 fath- 

one) seving ooil hydrophone of our Puerto Rico Station, the pres- 

sure levels from a 30 ops source were measured out to source dis- 

tances of 300 miles due north of the hydrophone. The source was 

an 4 Mark 5(b) minesweeping gear, modified to operate at 30 cps 

with a high degree of frequency stability. This source was de- 
2 

scribed previously in a separate report. 

The first 27 miles of range were covered almost continuously 

in a series of runs in which the source v&e towed by the USS ALLE- 

GHENY. The source depth was 42 feet, "he towing speed was limit- 

ed to about 3 knots so that it vss net practical to cover the full 

range by this procedure,  instead, the source was operated at var- 

ious stations along the range while the ALLEGHENY was drifting. 

It would then be lifted clear of tha water so that normal cruis- 

ing spssd ssuid be maintained to Zu&  next station.  At each drift 

Citctiwi*. t£« sour-os was operated at depths of 42 feet and 64 fmm%. 

In this preliminary report, results are presented for the shallow- 

er depth at distances out to 15? miles for comparison with shot 

data. 

SECRET 
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The ship's position was determined by Loran and celestial 

navigation,    As a oheok,   it was possible to determine the ship's 

distance from the hydrophone in most instances by having the 

sound source turned off at a specified time,  communicated to the 

shore-based laboratory by radio,  and noting the Interval which j 

elapsed until the hydrophone signal disappeared.    This interval 
11 

fros? these travel times agreed quite well with those obtained by 

the navigation methods. 

To measure pressure level, the hydrophone signal was passed 

through a selective amplifier having a bandwidth of about 1 cps 

and was recorded on a logarithmic level recorder having a SO db 

range. Beyond 30 miles, the signal to noise ratio was usually 

too low for reliable measurements to be taken in this way and re- 

course was mads to a. bank of varv selective trtnincr fork filters 

having Q's of about 8000. The bandwidth of such a filter at the 

half power points is 0.004 ops. The filters have been described 

in other reports. ;= Individual filters were tuned to frequen- 

cies at intervals of 0.01 ops above and below 30 cps and their 

outputs were recorded on linear level recorders. They were se- 

lective enough to detect the Doppler shift in frequency of the 

source resulting from the shift's rate of drift, 
I 

T- M *..        •» 1 . A.       ^_      _      , IS 
Aii     WUBJ'      VU    UlCBBUiS      Wi. o a a u* <5     IIISA)      111     «M     UCUCDHU7      IU    MUX— 

9 
tiplv the filter output bv a factor to take into •'»co"r*' *v,<» at- 

tenuation caused ev tha slcmal frenuennv fl< •f-f«T»< nor il i o-htl w fro»" 

the resonant frequenoy of the filter. The signal frequency was 
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determined vith respect to a 30 ops tuning fork oscillator used 

as a reference standard by a phase comparison method described in 
4 

smother report.  Knowing the Q,' s of the filters and their reso- 

nant frequenciss with respect to the standard, the correction could 

then be made.  In measuring levels, use was made only of the fil- 

ters having the highest outputs, that is, those closest to the sig- 

nal frequency.  The calibration of the hydrophone was known so that 

It was possible to obtain absolute pressure levels. 

The signal level would frequently have large fluctuations at 

any particular station. These fluctuations are probably attribu- 

table to multi-path Interference effects. At each drift station, 

the average level over the time of observation is plotted. 

Out to 27 miles, the region of almost continuous coverage, 

the square of the pressure falls off at a rate approximately pro- 

f* *#* m *vuwl   M «~*  Ah 

very low level in agreement with the shot data and ray analysis. 

The remaining points are too widely separated to permit the shape 

of the curve to be inferred, but their values appear to be con- 

sistent with the peaks and dips appearing in the more detailed 

shot data available in this region (Fig. 8). 

It is planned to give a more detailed analysis and descrip- 

tion or  the«e and other results obtained with the 30 cps source in 

a later repor-n, 

—3 
(Figs ?).  The next point at 36 miles ie one of 

l 

I 

- 
1 
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RAX THEORY OF TRANSMISSION 

by 

R. A» Frosoh 

SECRET 
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i Detailed ray tracings have beer, made for the Puerto Rico 

dsep hydrophone, and intensity range curves bated upon ray den- 

sities have been made frea these* 

Bottoa Contour 

The bottoa contour was taken from a fathogram made by the 

ySS ALLEG-EEKY during an actual run along 000° T from the deep hy- 

drophone. Bathyaetrio work done sinoe indioates that naviga- 

tional errors were made during this run, so that the bottom used 

is somewhat inaccurate. The possible effects of changing the 

bottoa to correct configuration will be mentioned later in this 

report. 

The hydrophone was taken to be at 2?90 ft. From the hydro- 

phone out about 20 miles, the bottom slopes off at about 3s un- 

Out tu abwut «0 wilei the ilupo iu abuut 7* down to bub fuertu 

i Rico trsnoh; The trench is between 23,000 and 25,000 feet deep.       ^ 

The shallowest point on the far side of the trench is at about 

130 miles from the hydrophone and is 16,800 feet deep. 
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Velocity Profile 

The velocity profile used in these ray tracings was construct- 

ed from a considerable quantity of data. A large number of veloc- 

ity profl?.3s for the area, for which we are Indebted to the Woods 

Hole Oceanographic Institution, were plotted on one graph, to- 

gether with profiles computed from Hydrographic Office data taken 

off San Juan, and from bathythermograph elides taken during the ex- 

periments discussed in this report. A curve, drawn by hand to best 

fit these data, was used in this computation (Fig. 10). The sali- 

ent features for the month of March are a surface sound channel ex- 

tending to 360 feet, and a main sound channel axis at 4100 feet. 

Ray Structure 

Rays were traced every 5° from 14° with the horisontal (shal- 

lowest angle ray reaching the surface) to 39°, and every 1° from 

39* to 59°. Rays of shallower angle than 42° do not continue to 

go to the surface after several reflections from the 3s slope. No 

ray reflected from the 7* slope, after several bounces on the 3C 

slope, continues to go to the surface (see Table I).  Kenoe^ the 

transmission from large ranges is provided by three discrete cones 

of rays:  42°-44°, 48°-5i°, 54»-5?°.  The bottom acts as a baffle 

preventing other rays from reaching large ranges* 

All rays reaching large ranges have their last bounce on  the 

3° slope between 13 silee arid the end of the slope (20 mllee), and 

then behave at larger ranges as deep water transmitted rays (Pig.9). 
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A few are bottom refleeteS at the divide across the trench. It ie 

thie deep water transmission oharaoteristio whioh ie responsible 

for the 35 mile peaking seen in the experimental results. The major 

intensity less takes place between the hydrophone and the end of the 

3* slope. This loss is due partly to the spreading of the rays as 

they bounce down the slope and partly to loss on reflection. 

Intensity Computation 

The intensity from initial angle J0© is taken to be proportion- 

al to the cross sectional area of ths small bunaie of rays origi- 

nating around fi0.    Following a suggestion made by members of wHOI 
5»6 

this is computed ir. the following manner; 

If fi0 is the initial angle of the ray and n the number of 

bounces (or refracted inversions) before reaching the surface at 

range R, one plots, separately for each value of n. log Sin t 

vs R2.  If this curve is differentiated and jnulfclpliad by f;.n §°» 
" Sin 01 

where p±  2.8 the angle of the ray at range R, the resulting quan- 

tity is prepes'tisnal to ths intensity due to rays with n bounces. 

The curves were difforentiated using the Lagrange interpola- 

tion formula applied to suooeesive groupe of 3 points. This is 

equivalent to fitting each 3 points of a curve with a second or- 

der curve, and then taking the derivative of the curve at the mid- 

dle point of the three to be the derivative of the graph at that 

point* 

Eaoh point was then corrected for reflection loss in bounc- 

ing off the bottom This oorreotion was made assuming the Rayleigh 

SECRET 
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reflection lav,    Computations vert aads for ssvsral values of 

sound velocity and density of the cottoa (Table II)* 

IHULU 

Velocity in Cged f° 
Sediaent ?¥ater 

»?00 1*5 8650 

8 12000 

?000 S 14000 

rigid 

Diaouaalon 

One of the resulting Intensity ourves is shown in Fig. 11. 

She effect of the bounces e^r we seen froa Sable I.    Of partic- 

ular note in Fig. 11 i§ the ase&ins at about 55.  90.  125 and 

155 siles,  in good agresaeat with the vsperissntnl data, which 

pe^sed at 56,  95,  126 and 165 Bliss,    ?he i^fiaiteiy deep trcugha 

between tha peaks represent shadow sonee.    The oscillations at 

esill i-s^5=-. (lea* thas 25 siles; are due to %ae partial  eepara- 

tion Of the rays into srriv*! groups with range,  i.e..  the ranga 

internals in which rays arrire at the surface having had 1,2,3, 

eto* bottoa reflections only partly overlap.    Each euooessivc 

bottoa reflection further attenuates the rays,  so that the whole 

BlOtJRIff tSTOlLHATIQN 

.-2. 
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group of twice refleoted rays is sever*! £h belew the once reflected 

rays, etc. (Table I), Furthermore, the steeper angled rays, which 

are most attenuated upon bottom reflection, arrive at the surface 

after n bottom reflections at shorter ranges than the shallower 

angled rays. There are scae possible indications of this oscilla- 

tory behavior in the experimental data at 15 and 23 miles. 

The lines marked "probable focussing" in Fig. 11 correspond 

to poiats of vertical slope on tne log am c0 vs H~ curves, in- 

sufficient rays were traced to be certain that they really are 

points of vertical slope. 

A plot of log p^ vs log R for the experimental shot data oim 

be fitted moderately veil by a straight line cf slops -2*26 i 0.1 

(fit by eye) Fig. 12. Similar slots (Fig. 13) for the ray tracing 

intensities between 5 and 25 miles give slopes as shown in Table 

III. 

TABLE III 

T       » 5000 
Water 

—Itlssisz  
fVater 
PtRgssy .Slope. 

5700 

6000 

»>nnn 

piarxa 

1.6 

2 

o 

experimental shots 

-4.8 *  .5 

-g«76 •   .3 

-2,18 • .1 

-8 1 .1 

-2.28 •   .1 

ttGBST 
eSOuxuxf InFQEM&ilOH 
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Tb« errors siren correspond to the outside limits of the 

slopes of possible straight lint fits. If we plot those slopes 

YS the corresponding f° (Fig. 14), we see that the experiaen- 

tal result corresponds to shout f°  • 15,850 i  600, whioh, if we 

take fmZ,  glres 

/9T « 6625 2   500  IV«8C   (   2   *C 5£). 

Preliminary refraction shooting at Puerto Rico*, taksn to- 

gether with the results of previous work by the staff of the La- 

ment ft«ol«gi««l Observatory7, suggsrss that ths structure of itm 

bottom near the deep hydrophone is as shown in Fig.16, if the 

top sediment layer continuee to pinch off.at 4s rate, it would be 

completely miteing at less than £ ailss from the hydrophone. In 

this <?SSS. the bsttOs valoaltv an  th» slo*** would be 56^0 iz'zzz 

in fortuitously good agreement with the result obtained by com- 

paring the ray tracing results with the shot data. 
o _ _ 

A log p~ »• lug H plot for the 50 ops data (Fig. ?} gives a 

slope of -5 between 5 and 50 miles. This might be attributable 

to ray path int-rfarenoe, but it is diffioult to scs how this 

could affect the overall rate of fall-off with range. The ex- 

seoted effect would ba *nt«r-fei»»nft« oscillatios with s. """Sricd of 

the order of a wave length, IS? fast* wr so. k dispersive bot- 

tom with a lower velocity for lower frequencies say be indicated 
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The appearance of the various intensity rang* diagrams is 

very similar to Fig* 11, which ie for 7000 ft/see in the bottom. 

Aside froa tht initial fall-off of intensity, the most predoa- 

inant oharaoteristlo of the intensity range curves is the peak- 

ing. In Tables V and TI are tabulated the ranges and heights of 

these peaks, the latter neglecting focussing* Judging froa The 

peak heights, a suitable bottoa velocity would appear to be be- 

tween 5700 and 6000 ft/seo, since such a velocity would ainiaite 

^10 - *p) »not - (I10 - ip) rays. (Iio • intensity at 10 miles, 

Ip at a peak.) However, displacement in the ranges of the theo- 

retical curve by 4 silts* as indicated by Table I, Sol, 7, to pro- 

duct better agreement of the peak position, aakes the new relative 

peak amplitudes. 

im&jx 

<*ic »-v rays — 'X14 " V SuG w•« 

reak So. 6700 6000 7000 Rigid 

1 -10 -5 -1 1 

2 .10 -8 -i -2 

3 - 0 0 1 1 

4 -17 % 1 5 

i! 

The difference is ainiaiced, though not well, somewhere about 

7000 ft/sec. 
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Such a displacement; might be indicated by the correct bottom, 

which has a knee some 15 ailes farther out than the bottom uaed for 

the ;'&y tracings. However, the above teats are hardly sensitive as 

the scatter of both shot data and computations is probably at least 

2 db. 

• • • 
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FIG. 7 
LOG  p*  v«   LOG  R 
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